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•Original Article* 

Binocular rivalry in children with schizophrenia: the conscious 
and unconscious cognitive processing of interpersonal 
information 

Meijuan WANG 1 , Jinping ZHAO 23 , Jie QIAN 4 , Yikang ZHU 1 , Zhi YANG 3 , Yi JIANG 3 , Jijun WANG 1 , Yasong DU 1 , 
Xuchu WENG 2 ' 5 , Chunbo LI 1 * 

Background: Childhood schizophrenia is a severe mental disorder that is believed to affect both conscious and 
unconscious cognitive functioning, but there have been few studies that have assessed this. 

Objective: Develop a version of the binocular rivalry test that will assess the conscious and unconscious 
cognitive processing of interpersonal information and use this test to determine whether or not social cognition 
is impaired in children with schizophrenia. 

Methods: Thirty images of three types - with no persons, with 2-3 persons and with 4+ persons - were selected 
for use in a binocular rivalry test that presented the images both in an interocularly suppressed (unconscious) 
format and an unsuppressed (conscious) format. Fifteen children under 16 years of age with schizophrenia who 
had prominent delusional symptoms and 15 healthy children were administered the test. Accuracy rates (in 
assessing the left or right orientation of a patch presented immediately after the target images) and reaction 
times were compared between patients and controls. 

Results: For all types of pictures, the accuracy of patients was less than that of controls, though the differences 
were only significant in two of the twelve comparisons assessed. Compared to controls, patients showed a non- 
significant increase in the attention paid to images with people in them compared to images without people 
in them, both for conscious and unconscious presentations of the images. We did not find any relationship 
between the severity of psychotic symptoms in the patients and the degree of impairment in the cognitive 
processing of images. When asked to assess the attributes of the images, patients reported significantly higher 
levels of happiness depicted in images with 2-3 people than controls. 

Conclusions: The non-significant increase in the attention children with schizophrenia paid to images depicting 
interpersonal relationships suggests, but does not prove, that the illness is associated with impairments in the 
cognitive processing of social information. Our use of the binocular rivalry paradigm to identify these differences 
was only partially successful, largely because of the wide variability in the key index from the test used to assess 
the amount of attention respondents pay to different types of images. 



1. Introduction 

Binocular rivalry refers to the phenomenon that when the 
right and left eye are presented with different stimuli, no 
stable perception can be formed so there are alternating 
perceptions.' 11 During the binocular rivalry test, the differ- 
ent stimuli presented in front of the retina of each eye do 
not change, but the fluctuating perception of either one 
or the other image requires alternating suppression of the 
conscious perception of one of the eyes. 



Childhood schizophrenia is associated with serious dis- 
turbances in cognitive processing. Abnormal processing of 
interpersonal information may be one of the mechanisms 
that leads to delusional beliefs in these children, particu- 
larly delusions of reference.' 21 Most studies on cognitive 
functioning in childhood schizophrenia are potentially 
confounded by a variety of factors including the severity of 
the illness, educational status of the respondent, experi- 
mental environment, and medication status. One of the 
advantages of the binocular rivalry test is that it is much 
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less influenced by these factors. It is, therefore, a rela- 
tively direct way of assessing the cognitive functioning of 
children with schizophrenia. The current study uses the 
binocular rivalry test to compare the processing of so- 
cial information among children with schizophrenia who 
have prominent delusions to that of normal children 
and, thus, to test the hypothesis that their conscious and 
unconscious processing of social information is impaired. 

2. Methods 
2.1 Sample 

The enrollment process for the study is shown in Figure 
1. Enrolled patients were children who met the diagnos- 
tic criteria for childhood schizophrenia specified in the 
Chinese Classification of Mental Disorders, Third Edition 
(CCMD-3)' 31 who were treated in the outpatient or inpa- 
tient services of the Shanghai Mental Health Center from 
January to April 2010. Included patients were under 16 
years of age, had delusions as their primary symptoms, 
were right-handed, did not have other mental or seri- 
ous physical illnesses, and were able to complete the 
binocular rivalry test. The severity of schizophrenia at 
the time of the binocular rivalry test was assessed using 
the severity of illness subscale of the Clinical Global Im- 
pression scale (CGI-SI) [4] which rates illness severity on a 
7-point Likert scale (from l=not at all ill, to 7=extremely 
ill). The level of paranoia at the time of the test was also 
assessed by the treating clinician using a similar 7-point 
Likert scale that we constructed for the purpose of the 
current experiment. 

The control group consisted of 15 students under 
16 years of age nominated by their teachers from one 
grade 8 class and one grade 10 class in a public school in 



Shanghai. All of them were right-handed, did not have 
mental or serious physical illnesses, did not have a family 
history of mental illness, and were able to complete the 
binocular rivalry test. 

All participants in this study and one parent for each 
participant signed informed consent forms. The study 
was approved by the institutional review board of the 
Shanghai Mental Health Center. 

2.2 Assessment of binocular rivalry 

A total of 30 images depicting different levels of interper- 
sonal interactions were selected from a series of candi- 
date images. Photoshop 7.0 software was used to alter 
the colors, brightness and sizes of these images in order 
to generate monochrome images that are 150mmxll2 
mm in size. These images were then categorized into the 
following three groups (10 images in each group): images 
with no people, images with two to three people, and 
images with more than three people. 

During the test each image was presented on a 17-inch 
monitor (brand: Lenovo Model: L193pC, 1280 *1024) us- 
ing MATLAB (Matrix Laboratory) software. Participants 
sat behind the electric stereoscope (66 Vision- Tech Co., 
Ltd., Model: YT2B-2201857) and placed their chin on the 
supporting bracket, which was adjusted according to the 
sitting height of the participant to ensure that their eyes 
were at the same level as the cross ('+') on the monitor. 

The version of the binocular rivalry test employed in 
this study is similar to that described elsewhere. 151 At the 
beginning of the test, the dominant eye of the subject 
was determined. During the test two pairs of images are 
independently presented to each eye. There are two 
versions of the test that were both administered to each 



Figure 1. Enrollment of subject in the study 



54 children with schizophrenia under 16 years of age 
treated as inpatients (n=33) or outpatients (n=21) at the 
Shanghai Mental Health Center from January to April 2010 




22children (10 inpatients and 12 outpatients) who had 
prominent delusions and met other enrollment criteria 
were administered the binocular rivalry test 



15 children (8 inpatients and 7 outpatients) 
with schizophrenia complete binocular 
rivalry test and the severity of their illness 
at time of test is assessed 



15 children under 16 years of age 
without any history of mental 
illness from two schools in Shanghai 
complete binocular rivalry test 



I 



Compare results of test 
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participant. In the interocularly suppressed version of 
the test, the dominant eye is presented with two colored 
mosaic patches and the non-dominant eye is simultane- 
ously presented with a monochrome mosaic patch and 
a monochrome version of one of the 30 target images 
described above (which alternate randomly between the 
right and left side of the visual field of the non-dominant 
eye). In the unsuppressed version of the test, the images 
presented to the dominant and non-dominant eyes are 
identical: both eyes are presented with paired images of 
a monochrome mosaic patch and a monochrome ver- 
sion of one of the 30 images which alternate between 
the right and left sides of the visual field. 

The viewing angle for all images was 4.1°x6.2°. Each 
set of images was shown for 800 ms followed by a 100 
ms presentation of a grating (a Gabor patch) with a view- 
ing angle of 2.5°x2.5° which was 1° skewed to either the 
left or the right side at random. The task of the partici- 
pant was to determine the direction of the skew (left or 
right) and to press the right or left side of the mouse for 
the computer accordingly. In the suppressed version of 
the test there were a total of 120 trials (i.e., presenta- 
tions of the images) divided into two sessions, 60 trials 
each session with a five-minute break between the two 
sessions; if the respondent reports seeing a clear image 
for more than 10 of the trials (i.e., the interocular sup- 
pression did not work), the test was considered invalid. 
In the unsuppressed version of the test there were a to- 
tal of 90 trials divided into 3 sessions, 30 trials in each 
session with a two-minute break between sessions. The 
sequence of image presentation in the two versions of 
the test is shown in Figure 2. 

Several measures are assessed based on the results of 
the test, (a) the proportion of correct responses (about 
the orientation of the Gabor patch) when the target im- 
age and the Gabor patch are presented on the same side 
of the visual field (hereinafter referred to as the 'target 



image accuracy rate'), (b) the proportion of correct re- 
sponses when the monochrome mosaic patch and Ga- 
bor patch are presented on the same side of the visual 
field (hereinafter referred to as the 'mosaic patch accu- 
racy rate'), (c) the difference between the target image 
and mosaic patch accuracy rates, and (d) the difference 
in reaction times for responding when the target image 
is on the same side or the opposite side as the Gabor 
patch (when this difference score is positive it indicates 
that the subject pays more attention to the target image 
than to the monochrome mosaic patch). 

After the tests, the participants rated each of the 30 
images on three aspects - happiness depicted in the pic- 
ture, impact on the subject, and relevance to the subject 
- on three nine-point Likert scales, where T represented 
extremely unhappy, no impact, or completely irrelevant 
and '9' represented extremely happy, huge impact, or 
highly relevant. 

2.3 Statistical analysis 

The statistical software SPSS 17.0 was used to conduct 
the analysis. Descriptive statistical analyses, inde- 
pendent sample t-test, paired t-test, analysis of vari- 
ance, non-parametric tests and correlation analysis 
were used depending on the type of variable. When 
comparing the results for the three types of images, 
multiple comparison methods were employed to com- 
pare the three paired comparisons (i.e., images with 
no people v. images with 2-3 people; images with no 
people v. images with 4+ people; and images with 2-3 
people v. images with 4+ people) if the overall assess- 
ment found that there was a statistically significant 
difference between groups. Statistical significance was 
set at p<0.05. 



Figure 2. Diagram of the sequence of presentations of images in each trial for the two versions of 
the binocular rivalry test used in the study (see methods section for detailed description 
of the test) 

interocularly suppressed version unsuppressed version 
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Comparison of the mean (sd) proportion of correct responses between the 15 pat 
and 15 control subjectsin 120 trials when target images are only presented to the 
non-dominant eye ('suppressed presentation') and in 90 trials when target ime 





suppressed presentation of 


unsuppressed presentation of 




images to non-dominant eye 


images to both eyes 




















Images with no people 
















Target image accuracy 3 


0.70 (0.14) 


0.80 (0.15) 


-1.75 0.091 


0.58(0.15) 


0.63 (0.14) 


-0.88 


0.385 


Mosaic patchaccuracy 3 


0.69 (0.13) 


0.80 (0.14) 


-2.12 0.043 


0.58(0.14) 


0.65 (0.12) 


-1.53 


0.137 


Difference 


0.01(0.10) 


-0.00 (0.09) 


- 0.667 


0.00(0.19) 


-0.02 (0.14) 




0.675 


Images with 2-3 people 
















Target image accuracy 3 


0.68 (0.13) 


0.78 (0.17) 


-1.78 0.085 


0.57 (0.10) 


0.63 (0.12) 


-1.41 


0.169 


Mosaic patchaccuracy 3 
Difference 


0.70 (0.13) 


0.79 (0.17) 


-1.52 0.141 


0.57 (0.14) 


0.63 (0.11) 


-1.41 


0.170 


Images with 4+ people 
















Target image accuracy 3 


0.69 (0.11) 


0.79 (0.16) 


-2.00 0.058 


0.57 (0.09) 


0.60 (0.09) 


-1.06 


0.299 


Mosaic patchaccuracy 3 


0.67 (0.13) 


0.78 (0.17) 


-2.05 0.050 


0.58 (0.13) 


0.61 (0.12) 


-0.82 


0.419 


Difference 


0.02 (0.09) 


0.01 (0.08) 


- 0.333 


-0.01(0.10) 


0.02 (0.06) 




0.219 





3. Results 

3.1 Demographic data on the subjects 

There were 3 males and 12 females in the patient group 
and 7 males and 8 females in the control group (Fisher's 
exact test p=0.245). The range of ages was 14-16 years in 
the patient group and 13-16 years in the control group. 
The mean (sd) ages in the patient and control groups 
were 14.2 (2.0) years and 14.0 (1.1) years, respectively. 
The mean years of education among patients and con- 
trols were 7.1 (1.7) years and 7.0 (1.1) years, respective- 
ly. There were no statistically significant differences in 
age or years of education between the two groups. The 
mean duration of illness of the patients was 17.9 (6.7) 
months. All of the patients were taking antipsychotic 
medications. 



3.2 Results of the binocular rivalry tests 

As shown in Table 1, lower accuracy rates were observed 
for all three types of images in the patient group com- 
pared to the control group in both versions of the test, 
but these differences were only statistically significant in 
two of the twelve outcome measures for the test. The 
accuracy among patients was significantly poorer than 
that for controls for the interocularly suppressed version 
of the test when the mosaic patch and Gabor patches 
were on the same side of the visual field and when the 
target images were those with no people or with four or 
more people. There were, moreover, no significant dif- 
ferences between patients and controls in the differenc- 
es in target image versus mosaic patch accuracy. 



The difference in mean reaction times (i.e., mean re- 
action time when target images were presented on the 
same side of the visual field as the Gabor patch minus 
the mean reaction time when target images were pre- 
sented on the opposite side of the visual field of the Ga- 
bor patch) are not normally distributed so these results 
are presented as medians and interquartile ranges and 
rank tests were used to compare results for different 
groups of subjects (Table 2). There were no significant 
differences in the mean ranks of these difference scores 
between patients and controls for any of the three im- 
ages in the suppressed or unsuppressed versions of test 
(using six separate Mann-Whitney tests). There were 
also no significant differences in difference scores for the 
suppressed versus unsuppressed presentation of each of 
the three images either for patients or for controls (using 
six separate Wilcoxon signed-rank tests). 

For patients, the larger (i.e., more positive) median 
values for the difference scores for the two types of pic- 
tures with people compared to pictures without people 
(shown in Table 2) indicate that patients attended longer 
to images with persons in them than to images without 
persons; but these differences were not statistically sig- 
nificant. The opposite was true in controls who attended 
to pictures without people in them longer than to pic- 
tures with people in them. This difference in controls 
was statistically significant in the suppressed version of 
the test where the mean ranks of difference scores for 
reaction times for images with no persons, images with 
2-3 persons, and images with 4+ persons were 2.43, 
2.03 and 1.53, respectively (Chi-square for Friedman 
test=6.20, df=2, p=0.045) -- indicating that during uncon- 
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Median (interquartile range) difference inreaction times (in seconds) when the target 
image is presented on the same side or the opposite side of the visual field as the 
le patient and control groups 



Images with no persons 
Images with 2-3 persons 



pressed presentation of images to 
non-dominant eye 

group control group 



-0.018 
(-0.049~0.013) 

-0.006 
(-0.099~0.029 ) 



0.002 
(0.000~0.022) 

-0.001 
(-0.014~0.014) 



unsuppressed presentation of images 
both eyes 



_pati 



ent group 



0.006 
(-0.159-0. 104; 

0.018 
(-0.050~0.573 ; 



con 



trQl g r0L 



0.004 
(-0.139~0.070 ) 

-0.032 
(-0.068~0.031) 



Images with 4+ persons 



0.000 
(-0.029~0.021) 



-0.007 
(-0.022-0.005) 



0.013 
(-0.042~0.272) 



-0.001 
(-0.098~0.026) 



Table 3. Mean (sd) scores of patients and control subjects (on a 1-9 point scale) on three 
perceived attributes of each type of image used in the binocular rivalry test 




patient group (n=15) 


control group i 


(n=15) 


patient group v. 
control group 




mean (sd) F p 


mean (sd) 










Happiness depicted in picture 

Images with no persons 
Images with 2-3 persons 
Images with 4+ persons 


5.3(1.1) 

5.0(1.0) 0.46 0.634 
4.9(1.1) 


6.1(0.8) 
4.3(0.5) 
4.7(0.9) 


24.16 a 


<0.001 


-3.53 
2.27 

0.51 


0.003 
0.040 

0.621 


Impact on the subject 

Images with no persons 
Images with 2-3 persons 


4.4(1.5) 

4.2(1.5) 0.14 0.868 


5.1(1.8) 
4.1(1.3) 


1.88 


0.165 


-1.34 
0.19 


0.201 
0.855 


Relevance to the subject 

Images with no persons 
Images with 2-3 persons 
Images with 4+ persons 


3.6(1.8) 

3.4(1.8) 0.36 0.702 
3.1(1.4) 


5.5(1.3) 
3.5(1.9) 
3.5(1.7) 


7.63 a 


0.001 


-3.35 

-0.03 
-0.68 


0.005 

0.974 
0.509 



Tukey)fo 



scious presentation of images, controls paid significantly 
more attention to the images with no persons than to 
images with people. 

3.3 Attributional rating of images used in the binocular 
rivalry test 

The perceived attributes of the three types of images as 
assessed by the patients and controls is shown in Table 3. 
Among patients there were no significant differences be- 
tween the three types of pictures in the perceived hap- 
piness depicted in the pictures, in the perceived impact 



of the pictures on the individual, or in the perceived rele- 
vance of the pictures to the individual. However, among 
control subjects the perceived happiness depicted in the 
pictures and the perceived relevance of the pictures to 
the individuals was greater for images without persons 
than for images with persons. Compared to controls, 
patients reported significantly lower levels of happiness 
depicted in pictures with no persons and higher levels 
of happiness depicted in pictures with 2-3 persons; pa- 
tients also reported a significantly lower relevance to 
themselves of pictures with no persons. 
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3.4 Correlation of disease severity with patients' 
results on the binocular rivalry test and with their 
attributional ratings of the images used in the test 

In the patient group, the mean disease severity score at 
the time the binocular rivalry test was conducted (on the 
1- 7-point CGI-SI scale) was 4.2 (1.4), and the mean para- 
noia severity score was 3.4 (1.1). There were no statisti- 
cally significant correlations between disease severity or 
severity of paranoia with the reaction time and accuracy 
of the suppressed or unsuppressed versions of the bin- 
ocular rivalry test. Disease severity was also unrelated to 
patient's attributional ratings of the 30 images employed 
in the tests (all p>0.05). 

4. Discussion 
4.1 Main findings 

Previous studies have used the binocular rivalry par- 
adigm to assess conscious and unconscious cognitive 
functioning in patients with mental disorders including 
schizophrenia, 16 - 71 but to our knowledge this is the first 
such study in children with schizophrenia. Given the clin- 
ical observation that interpersonal relationships are fer- 
tile ground for generating delusional beliefs (particularly 
delusions of reference) in patients with schizophrenia, 
we posited that these patients would have abnormal 
cognitive processing of images that involve social com- 
munication between individuals and that these cognitive 
abnormalities would be present during both conscious 
and unconscious information processing. 

Comparison of the results of the binocular rivalry test 
between patients and controls did not confirm our initial 
hypothesis but they did provide some support for the hy- 
pothesis. For all types of pictures in both the interocular- 
ly suppressed (i.e., unconscious) and unsuppressed (i.e., 
conscious) versions of the test, the accuracy of patients 
was less than that of controls, though the differences 
were only significant in two of the twelve comparisons 
assessed. Compared to controls, patients also show a 
non-significant increase in the attention paid to images 
with people in them compared to images without peo- 
ple in them, both for the conscious and unconscious pre- 
sentation of the images. This suggests that patient with 
schizophrenia require more attentional input to process 
interpersonal information. We did not find any relation- 
ship between the severity of psychotic symptoms and 
the degree of impairment in the cognitive processing of 
images. An interesting ancillary finding that may be rele- 
vant to cognitive processing of images is that the report- 
ed happiness depicted in the images without people and 
the reported relevance to the respondent of pictures 
without people was significantly lower in patients than in 
controls; conversely the reported happiness depicted in 
images with 2-3 people in them was significantly higher 
in patients than in controls. 

Several studies have reported that the processing of 
interpersonal information, which is considered a compo- 
nent of social cognition, 1891 is impaired in patients with 



schizophrenia. A meta-analysis on cognitive functioning 
in patients with schizophrenia by Savla and colleagues 1101 
reported impairments in many aspects of social cognition 
compared to normal controls. Some studies report that 
dysfunctional social cognition in schizophrenia is related 
to the severity of symptoms, 11112131 but other studies find 
no direct link between the negative symptoms of schizo- 
phrenia and social cognitive impairment. 114151 Studies on 
the relationship between social cognition and the posi- 
tive symptoms of schizophrenia (such as delusions) are 
rare, 1161 and to our knowledge there has never previously 
been a study focused on this topic among children with 
schizophrenia. 

4.2 Limitations 

This study was an exploratory study to assess the use- 
fulness of the binocular rivalry test as an instrument to 
assess the cognitive processing of social information in 
children with schizophrenia. The main problems with 
this study were that the sample size was small, the re- 
liability and validity of responses to the images selected 
had not been pre-tested, and the study included both in- 
patients with relatively acute symptoms and outpatients 
in remission, all of whom were taking antipsychotic med- 
ication. The primary measure used to test the hypothe- 
sized impairment in patients' ability to process interper- 
sonal information (i.e., the mean difference in reaction 
times to target images when presented on the same side 
or the opposite side of the visual field as the test images) 
proved to be quite variable both in patients and controls; 
this made it impossible to provide a definite conclusion 
about the hypothesis. Studies with larger samples, pref- 
erably with narrower entry criteria, that preliminarily 
assess the ability of different types of images to illicit 
'cognitive processing of social information' are needed 
to determine whether or not the binocular rivalry test is 
an effective method of assessing cognitive processing in 
patients with schizophrenia. 

4.3 Significance 

The non-significant increase in the conscious and uncon- 
scious attention children with schizophrenia paid to im- 
ages depicting interpersonal relationships (compared to 
healthy children of similar ages) suggests, but does not 
prove, that the illness is associated with impairments in 
the cognitive processing of social information. Further 
study with larger samples is needed to determine wheth- 
er or not impairments in social cognition is independent 
of the overall cognitive dysfunction seen in patients with 
schizophrenia and to identify the symptomatic and oth- 
er factors that are most closely associated with impaired 
social cognition in schizophrenia. Our use of the binoc- 
ular rivalry paradigm to identify these differences was 
only partially successful, largely because of the wide vari- 
ability in the key index from the test used to assess the 
amount of attention respondents pay to different types 
of images. Further refinements in the binocular rivalry 
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test are needed to determine whether or not it can be 
used to compare cognitive functioning of social informa- 
tion between different types of subjects and within sub- 
jects overtime. 
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